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Fig 3-1-1 Spectral distribution of 
the experiment. 
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a M (U,v) 
Fig 3-1-4 . Reflection and transmission of the lights emitted by 
two underwater lamps. 
A: position of the upper lamp 
B: position of the lower lamp 
C: reflectional point at the water surface 
P: underwater length of the cable of upper lamp 
Q: underwater length of the cable of lo~er lamp 
xl: distance from A to the observational point M(U,V) 
xa: distance from B to the observational point ~(U.V) 
x3: distance from A to C 
x4: distance from C to the observational point M(U,V) 
i: incidence angle 
r: refractive angle 
p 1: angle between line xl and the positive V-axis 
p 2: angle between line x2 and the positive V-axis 
p 3: angle between line k3 and the positive V-axis 
(~ : angle between line xl and line x2 
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Considering the total reflection,but not considering 
the part of reflection ""' ""-'･' ･- ････ ････ ･･ ･･ ･･-
Considerirtg the part of reflecLion,bvt not considering 
the total reflection "- " " "････ ･･ ･-････ ･. ...-... 
Not co[]sidering both the totai reflection and the part 
of it ･ ･･ ･- ･- ･- ･･ ･･-･ ････ ････ ･--- ･･-
Considering the totai reflection,but not considering 
the part of reflection ' -' '- -- '- """ "-' " '･ ･･ ･･ ･･ -
Considering the part of reflect]on,but not considering 
the total ref[ection """-'--""'--'-"""'-'--
Not considerlng both the total reflection and the part 
of it ･･･ ･･･-･-････････--･･･-･-･--･-
upper lamp Considering the totai refiection,buL noL considering 
the part of reflecLion "' """"" "'----'-"-""' 
Considering the part of refiectlon,bvt not considering 
the totai reflection """"-"-""""""""" 
Not considering boLh the total reflection and the part 
of it ････････････････････-･･-･････-the upper laJnP "-' l 
I=[oe~/J'x,+joe~/i, (x.*x.' COSe +110e ~/J'x.COS(x 
l=[oe~/J'x,+10e~;J,x,.[*lio' e ~/J, x.COSe +110e ~lu,x cCSa 
[=10e:/1*x,+110e ~/J'x.COSa 
I=10e~/u *x*+10e~/J , (x.*x.) COS e 
I=10e~;J*x, +joe~/J 'x,.1*llo' e ~/J' x.COS O 
I=1oe~/J ' x , 
l=1oe~/J'x,COSa +10e~/u,(x.'x ) COS (a +0) + 11 e IJ x 
I I e /1 x coSa +1 e /u,x..1*llo' e ~/J,x.COS (a +e) + lloe ~/u,x. 
I=[oe~/!'x,COSa +110e ~lJ･x. 
I=110e ~f"x, 
( ( n2COSi-nICOSr ) / ( n2COSi~l*COSr ) } 2 +{ ( n COSI n COSr ) 
) }2]/2 I 
diagram of solution. 
refractive index of the air 
refractive index of the water 
refracted light intensity 
light intensity of the underwater lamp A 
: Iight intensity of the underwater lamp B 
light intensity of the observational point 
absorption coefficient of the lamp A 
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I(c) Ioe !~'x,cos(89+a c)+[I[oe /i x cos( 89 c)+[[oe dJ cx x 'cos(89･ a+ e- c) 
I(c) Ioe 'fJ'x,cos(8g+a c)+i[[oe~P=x.cos( 89- c) 
[(c)=11[oe~fJ'x.cos( 8g- c) 
[(c)=10e~/L'x,cos(89+a- c)*[I[oe~/J'x. (x"x 'cos(89+ a* 6- c) os( c- 89)+1[oe~ ;~' 
[(c)=10e~f!'x,cos(8g+ce- c)*(lloe~~'x*cos( 4)- 89) 
l (c)=1oe~/u ,x,cos(89+a- c) 
I(c)=[[Ioerp.x.cos( c- 89) 
[(c) [oe fJ'x.cos( c (ce*89))+1[loe P'x.cos( c 8g)+[[oe ;J (x=*x.'cos(89+ a* e- c) 
[(c) [oe fJ'x,cos( c (ce+89))+11lae fl x'cos( c- 89) 
[((~,) [oe fJ'x,cos( c (a+89))+110e /~ (x=-x')cos(89+ a+ O- c) 
[(c)=[[oe~ ;1 ' (x.'x')cos(89+ c;+ e- c) 
I(c)=[oe~fl,x,cos( c-(a+89)) 
[(c) [oe (J'x,cos( c (a+8g)+[Ioe /1 (x x )cos(c (a+ e+89))+[Iloe~P'x.cos( c- 89) 
[(c) toe /J'x,cos( c (a+89)+[loe P (x.*x')eos(c-(a* e+89)) 
















[(c) [oe /J'x,cos(89+a c)+[lloe ;J･x.cos( 89- c)+[loe~ ~J'x' [*/[o e ~1*x cos(89+cc+ O c) 
[((c)=[oe~/u,x,cos(89+a- c)+[I[oe~P'x.cos( 89- c) 
[((c)=[[loe~/u.x.cos( 89- c) 
[((p) [oe ;J,x*cos(89+a c)+[i[oe~P=x.cos( c- 89)+[[ae~ IJ'X:L [*/[o e ;J,x.cos(89+0(+ e- c) 
[(c)=[oe~fJ'x,cos(8g+a- c)+il[oe~f/'x.cos( c- 89) 
[(c)=[oe~iu, x,cos(8g+a- c) 
[((c)=[[Ioe~fl.x.cos( c- 89) 
[(c)=[oe~lJ x'cos( c (a+89))+[I[oe ;J x cos( c 89)+1loe /u x I./[o e fJ: x cos(89+a+ e c) 
[(c)=[oe~;LL,x,cos( (~)-(a*89))*[1 [oe~/u=x=cbs( c- 8g) 
[(c)=[oe~/1,x,cos( c-(a+89))+[[oe~ /u ,x._ [./Io ' e~fl,x<cos(89+a+ e- c) 
[(c) iloe A1,x= [*/[o e ;J x cos(8g*a+ e- c) 
I(c)=ioe~'J'x,cos( 4)-(a+89)) 
[(c) [oe /1 x cos( c (a*89))+[[oe fl x* I./Io e~fl,x<cos( c-(8g+ oc+ 6))*[Ilae~ /1.x,cos( c 
[(c)=10e*/u'x'cos( c-(a*89))*Iioe~ /J" r /fo e fJ*x<cos( c (89+ ce* e)) 
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Isoilluminance line and trace of Swimming behaviour 
of fish estimated by computor simulatiOn' 
optimum light intensity=0'OI Ix 
swimming speed=55 cm/sec (black solid line)' 
100 cm/sec (red Solid line) 
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Isoillumlnance llne and trace 
of fish estimated by computor 
optimum light intensity=1.0 Ix 
swimming speed=55 cm/sec 
Black solld llne is the trace 
P I =0. 257, p 2=0. 296. 
Red solld llne Is ' the trace in 
/t I p 2=0.15. 
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Fig 3-2-2 Schematic diagraEl of experiment. 
A:Upper underwater lamp. B:Lower underwater lamp, 
C:Und~erwater TV camera. D:Transducer of fish echo 
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Fig 3~2-7 Changes in 
underwater 
the number of 
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Fig 3-2-8 Changes in 
underwater 
the number of 
video camera' S 
fish appeared 
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Isoilluminance line and trace of swimming behaviour 
of fish estimated by computor simulation. 
optimum light intensity=0.01 Ix 
swimming speed=55cm/sec 
p I =0.257, p 2=0. 296 
red solid line;the trace of swimming behaviour of 
fish under the condition that a lamp(A) was turned 
off after 140 steps. 
blue solid line;the trace of swimming behaviour of 
fish under the condition that a lamp(B) was turned 
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Frequency distribution of the light intensity 
that fish receive in the beam angle of fish sounder 
in the case of upper underwater lamp turns off and 
lower underwater lamp turns on. 
Hax:~axinlum value of the light intensity (lx) fish 
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Table 4-1-1 . Cobaltcap silverside 




japanes anchovy caught 
for investigating their 
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japoni ca , 
, (ad ptation F  %) 
Light adapted r tlna 
REP 
C 
Dark adapted r tina 
'P. "::""I･~v･~~'e :':, IaJ･t~･,,~J 
/f~fxb~"',~i$~:~ ' - r ' ,( "' '~~e;･-~:. 
j't! 
t 
r---- ---- --1 O. I mm 
Pig 4-1-2. Photomicrographs of light adapted retina 
dark adapted retina of japanese anchovy. 
REP;retinal epithelial pigment,C;cone 
and l
- 38 -
Light adapted r tina Dark adapted r tlna 
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Fig .4-1-3 Photomicrographs of light adapted retina and 
dark adapted retina of cobaltcap silverside. 
REP;retinal epithelial pigment,C:cone 
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Fig.4-1-4.Photomicrographs showing the positions of cones and 
pigment in the cross sections of retina of En raulis 
ii~~nii2~ to examine the retinal adaptation ratio. 
CH;choroid,ELH;external limiting membrane, 
REP:retinal epithelial pigment,C;cone,R;rod 
A;distance from CH to ELH 
B;distance from CH to the tip of pigment layer 
C';distance from CH to the center of ellipsoid of cone 
adaptation ratio of cone=C'/A 
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Time,of day (Hours) 
4 5 
Fig 4-1-5 . Retinal adaptation ratio shown by cone of japanese 
anchovy (O) and cobaltcap silverside (e) at 
capture. 
Upper line: average value of light adaptation 
of japanese anchovy (solid line) and cobaltcap 
silverside (dotted line). 
Lower line: average value of dark adaptation 
of japanese anchovy (solid line) and cobaltcap 
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Time of day (HourS) 
Retinal adaptation ratio shown by pigment layer 
of japanese anchovy (O) and cobaltcap silverside 
(O) at capture. 
Upper line: average value of light adaptation 
of japanese anchovy (solid line) and cobaltcap 
silverside (dotted line). 
Lower line: average value of dark adaptation 
of japanese anchovy (solid line) and cobaltcap 
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Fig 4-1-7 The relationship between the average change of 
cones movement expressed as ratio and the ti~le. 
O japanese anchovy ecobaltcap silverside 
Upper line: average value of light adaptation 
of japanese anchovy (solid line) and cobaltcap 
silverside (dotted line) kept in the tanks. 
Lower line: average value of dark adaptation 
of japanese anchovy (solid line) and cobaltcap 






























Fig 4-1-8 The relationship between the average change of 
pigment layer movement expressed as ratio and 
the time. 
O japanese anchovy ecobaltcap silverside 
Upper line: average value of light adaptation 
of japanese anchovy (solid line) and cobaltcap 
silverside (dotted line) kept in the tanks. 
Lower line: average value of dark adaptation 
of japanese anchovy (solid line) and cobaltcap 
silverside (dotted line) kept in the tanks. 
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Fig 4-1-9 Photomicrographs of the 
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Fig.4-2-1 .Photomicrographs showing the positions of cones and 
pigment in the cross sections of retina of Cololabis 
saira to examine the retinal adaptation ratio. 
CH;choroid,ELH;external limiting membrane, 
REP:retinal epithelial pigment,C;cone,R;rod 
A;distance from CH to ELM 
C';distance from CH to the center of ellipsoid of cone 
R';distance from ELM to the tip of ellipsoid of rod 
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35 20 21 22 23 O 1 4 2 3 Time of day 
. Retinal adaptation ratio shown by cone (top) and 
pigment layer (bottom) of chub mackerel at capture. 
Each solid line is the average adaptation ratio of 
individuals kept in the tanks in which photon 
B12 quantities were estimated as 0.60XIO~ /1 Es~1 ~ 
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Photonicrographs of light adapted retina (A) 
adapted retina (B) and retina of the sardine 
after midnight (C). 
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Fig.4-2-8. Photomicrographs of retinal adaptation in saury 
attracted to an underwater lamp in various tines 
Right photographs were bleached by K2Hn04' 
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Fig 4-2-10 Schematic representatidn af the position of 
rod and retinal epithelial pigment of saury 
attracted to an underwater lamp in various 
CH;choroid,REP;retinal epithelial pigment,R 
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Fig 4-3-1 
1 
. Schematic illustration on the apparatus used to 
induce the optomotor reaction of fish. 
Left illustration is the apparatus used for 
moenkhausia Moenkhausia sanctaefillomenae, and 
right illustration is the apparatus used for 
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Fig 4-3-2 Characteristics of band pass filters used for 
experiment of the optomotor reaction of rose 
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Fig.4-3-8. Chromatogralns of 
light adaptation 
111 ,11 cis-retinaloxime;112 
Al 1 1 , al I - trans- retinal oxime 
The abscissa is a time axis 
The 50pe I of 300/tl extract 
to 1/6 eye. 
Eluent, 7~ ether and O.075~ 





the extracts obtained from the 
retina of moenkhausia. 
11-cis-3-dehydroretinaloxime 
All 2 , al I - trans- 3 - dehydroretinal oxime 
the ordin te is absorbamce at 360nm. 
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400 450 500 550 600 650 Wavelength (nm) 
Visibility curve of the fish in the dark adaptation. 
There are rhodopsin(maximum absorbance at 500nm) and 
porphyropsin(maxirnum absorbance at 520nm)in the 
outer segment of rod. The amount of visual pigment 
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Fig.5-1. Seasonal change in averaged occurrence of shooting 
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Fig 5~2 Spectral distribution of the Inetal halide lamp 
M2000BW-G. 
The distances from a fish lamp to each position of the 
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Su鴨mary
Title：StudyonfishcatchingProcessbynigわt－time
　　　　　　purseseining皿et卜odandbehaviourphysiology
　　　　　　of　object　fish
　　InJa醤an，thetotalcatchbypurseseiningcountsfor
47．5藩ofa！lthegrosscatchbyboatfishing．
Also，ofallthecatchbynight－time珍urseseiningofsardi－
ne，pacificr・undherring，Japaneseanchovy，horsemackerel，
mackerelscadandmackerel，70to90％ofthemarecaugbtby
purseseiningmethod．
肱us，tbenighし一timepurseseining鶏ethod国aysavery加po－
rtantroleinthefishingindustryin珂esternJapansea
area．
Fur硫ermore，sincetbisfishingmethodutilizestheassigned
positionalbehaviouroftheobjectfishagainstthelight
stimulation，itmaybepossibleforustodevelopanew
selectivefishseiningtechniq聡ebasedonthephysiological
propertyofthespeciesandsetupanewmethodologyof
resource　control。
　　Inordertostudyしheswimminghabitoffis麹曲ichgathers
underthefishinglampandtostudyfishcatc卜ingprocessby
凶rseseiningヲanadequatelightmodelhasbeenmadeupand
studiedabouしthespatialandtimewisechangeofthefish
behaviourunder曲efishinglamp．
And　the　said　behaviour　change　has　been　considered　from　the
pointofvisualphysio！ogyanddescribedherehowtoa診ply
thenighレtimepurSeSeiningPr。cedureasaf。rmalfis益
catchingtechniq罎e．
丁野e　result　of　this　researc赴　is　sum皿arized　as　follo騨s：
　　（1）Behaviouroffishunderthefi曲ingla附P
　　Based　on　the　assumption　that　the　fish　tends　to　search　for
themostadequatelightingconditionbydetectingthediffe－
rencebetweenbrigbtnessanddarknessunderthelit－upenvi－
ron阻entaroundtbeship，wehavedesignedanadequatelight
model　and　simulated　the　behaviour　皿ove皿ent　track　of　fisb　in
a　vertical　plane．
Variousparameterssuc卜as，swimmingspeedヲadequatebright－
nesslevelandbrightnessabsorptionfactoratthefishing
groundhavebeencbanged．
Andthis騨orkhasdiscoveredthatthefish，inanypわaseof
t熱eab・vec・nditi・恥sヲga磯rsatp・siti・n・fcertaindistan薗
ceawayfromthelightsource．
UsingunderwaterTVca皿eraandfishfinder，thechangeof
distribution皿ove皿entofthefishshoalby切rningonoroff
thesubmersiblelamptochangeしhelightOnvironmentinthe
water　was　also　observed．
Co撤sequently，theresponseinthemove皿entQffisl、shoalwas
verysensitiveagainsttねeligr漉andtheytendtoswi扮
しowardしhelig簸tsource．
In　addition，　t藪is　phenomena　coincides　恥ith　the　result　of
simulationin切hichしhefishshoalissupPosedtobegat益er－
edundertheadequateligl、tcondition．
AstheresultofthistendencyQfthefishtobega曲eredto
thelight，anadequatelighttheorywassupPosed．
　　F媛r七hermore，樋echangGintheirgatheringandscaしtering
conditionspatiallyandhourlyto騨ardthesubmersiblelamp
byusingascanningsonarandfishfinder。
Accordingly，　the　night　time　was　divided　into　two　sections，
before　and　after　24：00．
Andしhat馳efisもgatheredt熱emostduringthelatterぬalf
ofthenigbt（after24：00）騨asfoqndout．
Theirgat卜eringwas鵬ostinしensebeforedawn，butthist卜ick
gatheringwasdecreasedsoon．
　　（2）Visualphysi・1・gy・ffishunder．thefis益inglamp
　　The　conditions　of　reしino離otor　response　on　cobaltcap　silve－
rside，Japaneseanchovy，chubmackerel，sardineandsaury
whic薮　gatber　under　the　fishing　la紐p　切ere　investigated．
Inthefirsthalfof曲enight（before24：00），therewas
similariしyinadaptaUonra¢be協ee短coneandbユackpig鵬nt
in　alユ　the　fis駈　eyes　and　all　of　them　sもowed　dark　adaptation
con（lition．
Int熱elatterhalfofしbenight（after24：00），however，sQme
change　in　the　relation　bet騨een’cone　and　black　pigment　was
observed．
This　difference　of　retinomotor　response　bet珂een　before－midn－
ight　and　after－midnigh七　periods　was　also　observed　in　the
fish　caug｝1t　in　the　basket　which　was　left　for　about　an　藪our
inthesea騨aterunderthefishingla皿pofO．951xinnormal
illuminance．
丁益eretin。m。t。rresp。nses。fcbub阻ackerelcau’もtinthe
water　tank　of　normally　（iark　environment　three　times，　before
midnighし，aft益rmidnightandatdaWnWerealS。inveStigated．
Consequentlyヲ　the　black　pig魏ent　did　not　sho騨　muc益　cもange　in
adaptaしionrate，butconeadaptationrate曲owedlightadap－
taしi。ntendencyas．むぬenigぬtdeepenedandasthesuarise
ti｝麺e　came　cユoser．
　　Atnight伊especiallywhenthefishgathersunderthefish－
ing　1．amp　in　the　first　half　of　t｝1e　night，　the　retinas　showed
a　tendency　of　dark　adaptation．
A七thisti鵬e，therodhavingacloserelationwithphotopic
andscotopicvisionisbaredfromtheblackpigment．
Andthevisualpig皿entscontainedintheou七ersegmen七〇f
rodshowaconditionofbeingeasilybleachedbythelight．
Thestimula七ionofsuc簸t騨ilightvisionagainstthefish
retinasuaSalS。。bServedt。bedlSturbingし益einitial
acし」．on　in　visual　sense　of　the　fish　under　the　norr猛al　conditi－
o　n．
T｝聖is　脚as　observed　through　the　6ptomotor　reaction　test　condu一
ctedontheabnomalindividual（generallycalled”albino”）
of　noenkhausia　aΩd　its　normal　individua1．
It騨asalsofoundout，even肋ough馳e！ightstimulationof
twocasesareidentical，theone騨hichissi冊ilartoしhe
visualsensitivitypropertyofthefishspecieshashigもer
dep「ess’oneffectth「o買ghtheexpe「’mentus’n「oseb’tte「’冒
lngS・
Also，there騨asnoeminentdifferenceinthelightscreening
rateoftheblackpigmentinthefishspecieswhichprotect
visualpigmentoftherodfrombleachingbythelight．
　　Uponinvestigatingthebehaviourandvisualphysiologyof
the　fish　under　the　fishing　lam茎》　condition，　the　results　have
noted　that　its　findings　on　cycle　of　the　fish　behaviour
coi薮cide　with　the　average　fish　catc熱ing　time　or　average　sho－
oting　ti蹴e　of　fishermen　by　means　of　t益e　aaalysis　for
fish－catching皿aterialinnight－timepurseseiningmethod．
Thatis，tbemosしadequateinしensityofill賢mi鷺ationforthe
objectfishhasperiodicaユchangeinwhichtheaboveillumi－
nationintensitybecomeshigherasthetimeelapsesfromthe
first　half　to　ユatter　half　of　the　night．
Tlepurseseiningmeth・disdividedint・繍・categ・ries；
reaction　seining　and　tin｝e　elapse　seining　in　which　fish　s卜oal
arecolユectedgradual！yunder曲efishinglamp．
Inei楠ercasey　iしisnecessarytodefinethecharacteristi－
cs。fしheadequa七eintensiしy。hllu凱inati。nusedf。rcatch一
ingfishinaccordancewit轟thetime｛章isecbange，visualsen－
sitivity　cbaracteristics　and　the　brightness　absorption　fact－
or　of　the　fishing　ground　by　each　light　wave　length．
Inaddition，Ithoughtthatitisimportanttostudythe
characteristicsofvisual浄igmentsthaしconしrolthelight
acceptance　of　the　object　fish　for　a　betしer　night－time　purse
selnユng・
